Recent secondary prevention trials have failed to demonstrate a beneficial effect of n-3 fatty acids on cardiovascular outcomes, which may be due to the growing use of statins since the mid-1990s. The aim of the present study was to assess whether statins modify the effects of n-3 fatty acids on major adverse cardiovascular events in patients with a history of myocardial infarction (MI).
Introduction
The landmark Scandinavian Simvastatin Survival Study (4S) 1 and subsequent randomized controlled trials 2 showed beneficial effects of statins on mortality and morbidity in patients with and without previous myocardial infarction (MI) or other coronary heart disease (CHD). Ever since, statins have been the first choice of drug treatment for preventing and treating cardiovascular disease (CVD). The benefits of statins were A healthy lifestyle is promoted for CVD prevention. Lifestyle changes include smoking cessation, increased physical activity level, and adopting a healthier diet. Dietary guidelines emphasize the importance of n-3 fatty acids, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 5 A meta-analysis of both prospective cohort studies and trials showed that 250 mg/day of EPA-DHA reduced fatal CHD by 36% compared with no EPA-DHA. 6 Fish consumption, the major source of EPA-DHA in the diet, was inversely related to incident stroke in a meta-analysis of cohort studies. 7 Less evidence exists for a protective effect of a-linolenic acid (ALA), the plant-derived n-3 fatty acid, against CVD. 8, 9 Although adding n-3 fatty acids to statin therapy leads to significant reductions in triglyceride levels, 10 it has also been suggested that the use of guideline-concordant statin therapy dilutes the effects of n-3 fatty acids such that no additional protective effect is observed. 11 This hypothesis is supported by the reduction in cardiovascular events through either fatty fish or EPA -DHA in trials in which less than one-third of the participants were on statin therapy (DART 12 and GISSI-Prevenzione 13 ). n-3 fatty acids did not reduce major cardiovascular events in three recently conducted trials with a large number of statin users. The OMEGA trial showed that guideline-adjusted drug treatment-including statin use in .90% of the post-MI patients-resulted in a low risk of cardiovascular events which could not be further reduced by 840 mg EPA-DHA daily.
14 Also in the SU.FOL.OM3 trial, no significant difference was detected in major vascular events between coronary artery disease patients allocated to 600 mg EPA -DHA daily and those allocated to placebo. 15 Finally, we showed in the Alpha Omega Trial no reduction in cardiovascular events in 4837 post-MI patients who were randomized to an additional amount of EPA-DHA (400 mg/day) and/or ALA (2 g/day), compared with placebo. 16 The aim of the present study was to assess whether the effects of EPA-DHA and/or ALA on major cardiovascular events in the Alpha Omega Trial differed between statin users and statin non-users.
Methods

Study population
The Alpha Omega Trial is a multicentre, double-blind, placebo-controlled trial of low doses of n-3 fatty acids (400 mg/day EPA-DHA and/or 2 g/day ALA) on the risk of fatal and non-fatal major cardiovascular events. The trial was approved by a central medical Ethics Committee (Haga Hospital, Leyenburg, The Hague, The Netherlands) and by the Ethics Committee at each participating hospital. All subjects signed informed consent before entering the study. Details of the Alpha Omega Trial have been described elsewhere. 16, 17 Briefly, 4837 free-living Dutch post-MI patients aged 60-80 years were randomized to receive one of four margarines: an EPA-DHA-enriched, an ALA-enriched, an EPA-DHA plus ALA-enriched margarine or a placebo margarine. Patients were enrolled from April 2002 through December 2006 and were followed for an average of 41 months. At baseline, anthropometric measures were obtained and blood pressure, heart rate, lipid and glucose levels were determined. Information on demographic variables, lifestyle habits, current health status and medical history were collected by self-administered questionnaires. Baseline measurements were repeated after 20 months of the intervention in a random sample of 810 participants, and after 41 months in the 2531 participants who completed the trial before 1 January 2009. For the remaining participants, due to budgetary constraints, physical examination and blood sampling were not repeated and data were collected by questionnaires at the end of follow-up. 17 
Assessment of statin use
Questionnaires on medication use were filled out by all participants at baseline and after 41 months. Subjects were asked to record changes in medication use in a structured diary, and medication was checked during structured telephone interviews after 12 and 24 months. All drugs were coded according to the Anatomical Therapeutic Chemical (ATC) classification 18 by two of the authors (S.R.B.M.E. and O.H.K.).
Subjects who reported the use of statins (ATC codes C10AA and C10B) at all measurements (at baseline and at 12-, 24-, and after on average 41-month follow-up) were classified as statin users. Those who were not using statins at any time point were classified as non-users. Subjects who initiated or stopped statin therapy during the trial and inconsistent statin users who used statins at some, but not all, time points were excluded.
Endpoint
The vital status of the participants was monitored via a computerized link with municipal registries. For patients who experienced a fatal event during follow-up, general practitioners, hospitals, and family members were approached to ascertain the primary and contributing causes of death. The occurrence of non-fatal major cardiovascular events (MI, cardiac arrest, and stroke) and cardiac interventions (percutaneous coronary intervention and coronary artery bypass grafting) was monitored by annual telephone interviews conducted by research staff and verified against hospital records. The primary endpoint of this study was the rate of major cardiovascular events, which comprised fatal CVDs, non-fatal MI, non-fatal cardiac arrest, non-fatal stroke, and cardiac interventions (percutaneous coronary intervention and coronary artery bypass grafting). 16 
Statistical analysis
Demographic and health characteristics of the participants who received the different margarines, stratified for statin users and non-users, were compared by using Student's t-test or the MannWhitney U-test for continuous variables and the x 2 -test for nominal variables. Uni-and multivariable general linear regression models were used to assess differences in changes in lipid levels over time among statin users and non-users randomized to n-3 fatty acid supplementation or placebo. Uni-and multivariable Cox's proportional hazard models were used to estimate hazard rate ratios (HR) for major cardiovascular events with the placebo group as reference. Fixed effects in the models were the n-3 fatty acids and the use of statins. To test whether the effect of EPA-DHA and/or ALA differed between patients with and without statins, the product term of n-3 fatty acids and statins was added to the models.
In the multivariable models, we adjusted for age, gender, and diabetes mellitus. 16 In addition, we checked whether inclusion one by one of other potential confounding variables altered the relationship of EPA-DHA and/or ALA with major cardiovascular events by ≥10%. We selected the following potential confounders: baseline levels of body mass index, current smoking (yes/no), physical activity level (≥5 or ,5 days/week engaged in physical activity with a Metabolic Equivalent TASK score.3), self-reported history of stroke, dietary EPA-DHA intake, alcohol consumption (≥1 or ,1 glass/week), ratio of total to HDL cholesterol, serum triglyceride levels, systolic blood pressure, current use of blood pressure-lowering Statins, n-3 fatty acids, and CVD medication (ATC codes C02, C03, C07, C08, and C09), antithrombotic agents (B01), and hormone replacement therapy (G03).
Results
Demographic and health characteristics of the patients
Of the 4837 patients who were enrolled in the Alpha Omega Trial, 3740 (77%) patients were consistent statin users and 413 (9%) patients were consistent statin non-users. The remainder of the patients (n ¼ 684, 14%) were starters, stoppers, or inconsistent users of statins and were for this reason excluded from the study. The mean age of all participants was 68.9 + 5.6 years and 78% were males. The median time since last MI before study entry was 3.7 years (inter-quartile range: 1.7 -6.3). For statin users as well as for statin non-users, the four study groups receiving placebo, EPA -DHA only, ALA only, or EPA-DHA plus ALA were similar for most characteristics ( Table 1) . Among statin users, significant differences between study groups were observed for the use of blood pressure-lowering drugs, triglyceride levels, and consumption of fish. Among statin non-users, significant differences between study groups were observed for the percentage of patients with diabetes mellitus, self-reported stroke, the use of antithrombotic drugs, physical activity, and plasma glucose and serum triglyceride levels.
Effects of n-3 fatty acids on lipid levels Table 2 presents the average changes in lipid levels between baseline and 41-month follow-up among statin users and statin non-users, respectively. No significant effects were observed in the groups receiving EPA-DHA only and ALA only. Yet, the combination of EPA -DHA and ALA reduced triglycerides significantly by 0.17 mmol/L in statin users.
Effects of n-3 fatty acids on major cardiovascular events
No patient was lost to follow-up and hence all patients' data were included in the Cox proportional hazard analysis. During 12 048 persons-years of follow-up, 495 (13%) statin users had a major cardiovascular event. For statin non-users, 1234 persons-years of follow-up were accumulated and 62 (15%) major cardiovascular events occurred. Among statin users, there was no significant difference in the rate of major cardiovascular events between the four groups ( Table 3) . Supplementation with EPA -DHA only or with ALA only did not reduce major cardiovascular events in statin non-users. However, 9% of the statin non-users who received EPA-DHA plus ALA had a major cardiovascular event during the 41-month follow-up period compared with 18% of the patients in the placebo group. Statin non-users receiving EPA-DHA plus ALA had a 54% lower incidence of major cardiovascular events compared with the placebo group, which was borderline statistically significant (HR adj 0.46; 95% confidence interval: 0.21, 1.01; P ¼ 0.051). The effect of the combination of EPA-DHA plus ALA on major cardiovascular events was borderline statistically significantly different between statin users and non-users (P ¼ 0.057).
Discussion
The present study suggests that statin treatment modifies the effects of n-3 fatty acids on the incidence of major cardiovascular events. In statin users, additional n-3 fatty acids had no effect on major cardiovascular events, despite a significant reduction in triglycerides. In statin non-users, reductions in major cardiovascular events due to EPA-DHA alone or ALA alone were 18 and 10%, respectively, and not statistically significant. However, combined effects of EPA-DHA plus ALA accumulated to 54% (P ¼ 0.051). This is consistent with the hypothesis that the effects of EPA -DHA and ALA alone are additive and independent, although this has been disputed in a recent review. 19 The Alpha Omega Trial is the first double-blind placebocontrolled trial in which the effect of adding 400 mg EPA -DHA and/or 2 g ALA/day on major cardiovascular events was investigated. Other large randomized controlled trials have concentrated on the effect of consuming EPA-DHA alone. 20 Apart from the Alpha Omega Trial, also the recently published OMEGA trial 14 and the SU.FOL.OM3 trial, 15 both carried out in cardiac patients, failed to show a reduction in major cardiovascular events after a moderate additional intake of, respectively, 840 and 600 mg EPA-DHA per day. In all three trials, at least 85% of the patients were treated with statins. 20 However, in the 11 years earlier published GISSI-Prevenzione (GISSI-P) trial, 13 treatment with 850-882 mg daily of EPA-DHA decreased major cardiovascular events defined as fatal CVD plus non-fatal MI and non-fatal stroke by 20% in patients after a recent MI. In this trial, the percentage of statin users increased from 5% at baseline to 29% after 6 months and to 46% at the end of the trial. Baseline total to HDL cholesterol ratio was 5.1 and clinically important changes in total and HDL cholesterol were not observed during the course of the trial. In the Alpha Omega Trial, supplementation with 400 mg daily of EPA -DHA did not reduce major cardiovascular events. Eighty-five per cent of the participants in this trial were on statin treatment and baseline ratio of total to HDL cholesterol ratio was 3.9, i.e. 1.2 unit lower than in GISSI-P (Table 4 ). Yet, statin non-users who had an average total to HDL cholesterol ratio of 4.6 experienced 18% fewer major cardiovascular events, a finding which was not statistically significant but in the same order of magnitude as in the GISSI-P trial. The JELIS trial 21 was carried out in patients with a serum total cholesterol level of 6.5 mmol/L or more and contained a primary and secondary prevention group. The latter one consisted of 3664 cardiac patients who were followed for an average of 55 months. The mean serum total cholesterol at baseline was 6.97 mmol/L and the mean HDL cholesterol level was 1.43 mmol/L. During follow-up, total cholesterol decreased by 19% and HDL increased by 3%. The average total/HDL cholesterol ratio decreased from 4.9 to 3.8. At this low total/HDL cholesterol ratio, an additional amount of 1.8 g EPA per day reduced the number of major cardiovascular events by 19% (P , 0.05). The statin users in the Alpha Omega Trial had a very similar average total/HDL cholesterol ratio of 3.7, but in these patients, an additional amount of 400 mg EPA-DHA, 2 g ALA, or both did not reduce the number of major cardiovascular events ( Self-reported history of stroke, n (%)
58 (6) 61 (7) 67 (7) 60 (6) 11 (10) a,b
10 (10) a,b (18) 153 (17) 165 (18) 142 (15) 24 (21) 21 (21) 19 (19) 13 (14) Alcohol use ≥1 glass/week, n (%) 673 (71) Statins, n-3 fatty acids, and CVD hypercholesterolaemia who are effectively treated with statins and obtain a low total/HDL cholesterol ratio, an additional high dose of 1.8 g EPA is needed to significantly reduce the number of major cardiovascular events. Further studies are needed to clarify which dose of EPA or EPA -DHA will effectively lower cardiovascular risk in statin users. It should be noted that in the present trial, n-3 fatty acids were incorporated at the expense of oleic acid into margarines, which replaced the participant's normal spread. Also the placebo group has benefited from an improvement in the quality of bread spread, 16 and consequently, it might have been more difficult to find statistically significant effects of n-3 fatty acids on major cardiovascular events in the present study compared with the studies that used fish oil supplements as a source of n-3 fatty acids; i.e. the GISSI-P and JELIS trials. Statins and n-3 fatty acids have different effects on blood lipids. Statins reduce CVD risk through improving the total to HDL cholesterol ratio.
2,3,22 n-3 fatty acids in large doses (.1 g/day) lower effectively serum triglycerides but their effect on CVD risk is less convincing than that of statins. 23 Besides these effects on lipids, both statins and n-3 fatty acids have anti-inflammatory effects, improve endothelial function, and inhibit platelet aggregation. 4, 19 Statins and n-3 fatty acids share mechanisms such as plaque stabilization that influence atherosclerosis and its complications positively. 24 The results of the present analysis suggest that in patients who do not use statins, the n-3 fatty acids EPA -DHA and ALA in amounts comparable to the Recommended Dietary Allowances 25 effectively reduce major cardiovascular events.
The current guidelines recommend statin treatment to all subjects with established CVD unless their LDL cholesterol level is below 2.5 mmol/L. 26, 27 In the present study, 86% of the statin non-users had a LDL cholesterol level exceeding 2.5 mmol/L, indicating a considerable level of undertreatment. One could argue that when guidelines are followed more closely, an additional use of n-3 fatty acids is redundant. However, for the subset of patients in our trial who do not tolerate statins, an additional amount of 400 mg EPA-DHA plus 2 g ALA daily could be an attractive alternative to reduce their risk of future cardiovascular events. Some limitations of our study should be acknowledged. First, the use of statins was assessed by questionnaires and telephone interviews. These methods of medication information collection have the disadvantage that they are sensitive to recall bias. Nonetheless, previous validation studies indicated that for drugs used chronically such as statins, the specificity and sensitivity of questionnaires compared with pharmacy records is high. 28 Secondly, due to the high level of statin use in our cohort, there were considerably more statin users than non-users. Nevertheless, despite the relatively small number of statin non-users (n ¼ 413), the effect of n-3 fatty acids on major cardiovascular events was borderline statistically significant. Finally, some important cardiovascular risk factors, such as diabetes mellitus, serum triglycerides, and physical activity level, were at baseline not equally balanced among the different groups of statin non-users. Therefore, in spite of careful attempts to adjust for confounding, residual confounding cannot be ruled out. Because of these limitations, the results reported here Table 2 Unadjusted and adjusted changes in total cholesterol, low-density lipoprotein cholesterol, total to high-density lipoprotein cholesterol ratio, and triglycerides between baseline and 41-month follow-up among statin users and statin non-users randomized to n-3 fatty acid supplementation in the Alpha Omega
Trial with the placebo group as reference ALA, a-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; TC/HDL cholesterol ratio, total to HDL cholesterol ratio.
should be regarded as preliminary until these have been confirmed in larger patient populations.
In conclusion, the present study indicates that low-dose supplementation with n-3 fatty acids might reduce the risk of major cardiovascular events in statin non-users with a history of MI. These results contribute to the explanation of the inconsistent results on the effects of n-3 fatty acids in secondary prevention trials. Total to HDL cholesterol ratio was not presented in GISSI-Prevenzione but was derived by dividing the total cholesterol level by the HDL cholesterol level.
d MCE comprised fatal cardiovascular disease, non-fatal myocardial infarction, and non-fatal stroke in GISSI-Prevenzione. In Alpha Omega, MCE comprised fatal cardiovascular disease, non-fatal myocardial infarction, non-fatal stroke, non-fatal cardiac arrest, and cardiac interventions (percutaneous coronary intervention and coronary artery bypass grafting).
